What determines selection of the most cost effective parameters of hard rock surface mining is consideration of all alternative variants of mine design and the conflicting effect of their parameters on cost. Consideration could be realized based on the mathematical model of the cumulative influence of rockmass and mine design variables on the overall cost per ton of the hard rock drilled, blasted, hauled and primary crushed. Available works on the topic mostly dwelt on four processes of hard rock surface mining separately. This paper dwells on the theoretical part of a research proposed to enhance effectiveness in the selection of the parameters of hard rock surface mining design based on the regression model of overall cost per tonne of the rock mined fit on the determinant variations of rockmass and mine design. The regression model could be developed based on the statistical data generated by many of the hard rock surface mines operating in variable conditions of rockmass and mine design worldwide. Also, a regression model based general algorithm has been formulated for the development of software and computer aided selection of the most cost effective parameters of hard rock surface mining.
Introduction
Hard rock surface mining produces most of the metal ores and construction rock aggregates mined from shallow deposits using explosives in rock fragmentation and trucks for the mine haulage. It is a mining system of interdependently functioning parameters of mining design in rock drilling, blasting, haulage and primary crushing [1, 2] . Most of these parameters have several variants which are applicable and most of them exhibiting variable levels of conflicting effect on the costs per tonne of the rock mined in drilling, blasting, hauling and primary crushing in any class of rockmass parameters. The desired effectiveness of such a system could only be achieved from the selection of mining design parameters which are most fit in given class of rockmass parameters and well marched in accordance to their functional and/ production capabilities to deliver the minimum overall cost per tonne of the rock mined.
The most cost effective parameters of the system could be established based on the mathematical model of the cumulative influence of rockmass and mining design variations on the overall cost per ton of the rock mined in drilling, blasting, hauling and primary crushing.
Most of the models available for the selection of hard rock surface mining parameters dwell on the subprocesses of drilling, blasting, hauling and primary crushing separately and don't consider all alternative variants and the cumulative effect of all determinant variables on effectiveness [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Desired model could be developed as the regression model of overall cost per ton of rock mined in drilling, blasting, hauling and primary crushing fit on the rockmass and mining design variations of hard rock surface mining using the huge data generated by many of the hard rock surface mines operating in variable conditions of rockmass and mine design worldwide. A general algorithm could be formulated based on the regression model of overall cost for development of the software required for computer aided comparison of variants and selection of the most cost effective parameters of hard rock surface mining.
Therefore, aim in this paper is to formulate the theoretical basis for the development of a regression model of overall cost per tonne of the rock mined fit on the rockmass and mining design variations of hard rock surface mining worldwide and the general algorithm for development of software required for the computer aided comparison of variants and selection of the most cost effective parameters of drilling, blasting, hauling and primary crushing in any rockmass conditions of hard rock surface mining.
Assessment of Hard Rock Surface Mining Cost

Formulation of Regression Model
The cost of hard rock surface mining could be stated as the overall cost per ton of the rock mined and assessed based on the regression model of the overall cost per tonne of rock mined fit on the rockmass and mining design variations of hard rock surface mining in drilling, blasting, haulage and primary crushing illustrated on (1). 
The Determinant Variables
The cost effect of hard rock surface mining is mostly affected by the parameters of rockmass and mining design. The most important of these parameters are listed on Table 1 . The effect of mine design variables such as hole diameter, powder factor, production capacity or size of equipment on the costs per ton of the rock mined in drilling, blasting, hauling and primary crushing in any class of rockmass variables is conflicting as described below:
Powder Factor
The intensification of rock fragmentation achievable from increased powder factor is also associated with decreased costs in loading, hauling and primary crushing and increased costs on the increased consumption of explosive and meters to drill [12] .
Hole Diameter
Increased hole diameter is also associated with decreased costs on the decreased meters to drill and the enhanced performance of explosive and increased costs on loading, hauling and primary crushing of the coarse fragmented rock products [12] .
Size of Equipment
Increased size of equipment is also associated with decreased labour cost on handling the decreased number of equipment. Also, increased size of loading equipment, haul truck and primary crusher means the possibility of using large diameter holes which are associated with decreased costs on the decreased meters to drill and the enhanced performance of explosive and increased costs on secondary blasting, loading, hauling and primary crushing of the coarse fragmented rock products [12, 13] . The increased number of equipment achieved from size reduction could also be associated with the increased or decreased cost resulting from increased or decreased system reliability.
The conflicting effect described above, requires selection of the most cost effective parameters of hard rock surface mining to be carried out based on the regression model of the cumulative influence of the variables of rockmass and mining design on the overall cost per ton of the rock mined in the comparative assessment of variants and selection of the most cost effective variant of hard rock surface mining in any class of rockmass parameters.
Development of Regression Model
The regression model of the cumulative effect of rockmass and mining design variables on the overall cost per ton of the rock mined given on (1) 
Selection of the Parameters of Mining Design
Selection of the parameters of a hard rock surface mining design is based on the regression model of overall cost which could be developed as described above, the parameters of rockmass design of the mine and the alternative parameters of mining design for the mine.
Determinant Parameters
Rockmass Parameters
Most often, the parameters of rockmass design m b  which affect the overall cost of hard rock surface mining are different from one mine to the other. Therefore, the parameters of rockmass design
the first inputs in the regression model of cost based selection of the parameters of a hard rock surface mining design. 
Mine Design Parameters
Alternative Variants of Mine Design
Alternative variant of a mining design in given class of rockmass design m b  is any combination of one alternative parameter from each of the   1, 33 mi i X  variables of mining design. The maximum number of alternative variants of mining design mmx n which could be obtained from all different combinations of the alternative parameters from all variables of mining design is the third input in the regression model of cost based selection of the parameters hard rock surface mining design and established using (2) . Not all alternative variants are operational. The number of operational alternative variants of a mining design mnx n  which is obtained from all operational combinations of the alternative parameters of mining design in given class of rockmass design is calculated using (3). 
where:
mi nx -Number of the alternative parameters of mining design for the th i variable of mining design in given class of rockmass design; mnx n   -Number of non-operational alternative variants of mining design which is obtained from all non-operational combinations of the alternative parameters of mining design. A matrix of the non-operational alternative variants of mining design is the fourth input in the regression model of cost based selection of the parameters of hard rock surface mining design.
Mathematical Formulation of Problem
The mathematical formulation of problem in the regression model based comparison of the alternative variants of hard rock surface mining (4) and (5) om Tmmin
where : 
The General Algorithm of Analysis and Selection
The algorithm of analysis and selection of the most cost effective parameters of hard rock surface mining design  
1, 33
om omi
is developed based on the developed regression model of overall cost per ton of rock mined in drilling, blasting, hauling and primary crushing fit on the rockmass and mining design variations of hard rock surface mining described on (1); matrix of alternative parameters of mining design   3) Calculation of the overall cost per ton of the rock mined in drilling, blasting, hauling and primary crushing using formula described on (1).
4) Execution of procedures in the selection of variant and parameters of mining design corresponding to the minimum overall cost per tonne of the rock mined.
5) The next variant of the alternative variants of hard rock surface mining design is formed. Procedures of assessment, comparison and selection of the most cost effective variant and parameters of hard rock surface mining are repeated. Computation ends when the operational alternative variants of hard rock surface mining design are all covered in the selection process.
The block scheme of algorithm for the comparison of the operational alternative variants and generation of the most cost effective variant and parameters of hard rock surface mining design in given class of rockmass design is illustrated on appendix.
Conclusions and Recommendations
The main parameters of rockmass and mining design that affect the overall cost per tonne of the rock drilled, blasted, hauled and primary crushed have been identified, enabling the formulation of theory for the development of a mathematical model of their cumulative impact on the cost effectiveness of hard rock surface mining. Development of the regression model of overall cost fit on the rockmass and mining design variations of hard rock surface mining worldwide has been described, enabling the planning of data collection and development of the model. The regression model of overall cost based general algorithm has been formulated, enabling the development of software for the computer aided analysis and selection of the most cost effective parameters of hard rock surface mining in any class of rockmass parameters. Realization of the theory described above should always enable implementation of the most progressive systems approach methodology in the assessment of all alternative variants and selection of the most cost effective parameters of hard rock surface mining in any class of rockmass parameters. 
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